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 Non-profit, applied R&D laboratory 

 Mission: 

 Accelerate technology introduction for the 
benefit of society 

 Educate the next generation of technologists 

 Based in Boston (MA); additional laboratories in 
Revere (MA) and Albuquerque (NM) 

 Part of Fraunhofer USA (8 centers nationwide) 
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Dynamic wind loading: from windows to PV modules 
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Wind load testing of windows 
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Wind load testing of PV modules 
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K.-A. Weiss, M. Assmus, S. Jack, M. Koehl, “Measurement and 
simulation of dynamic mechanical loads on PV-modules,” Proc. SPIE 
7412, Reliability of Photovoltaic Cells, Modules, Components, and 
Systems II, 741203, 2009. 

Leads to: 

• Cracked glass 

• Cracked cells 

• Cracked interconnect ribbons 

• Solder joint failures 
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Module Qualification 
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No mechanical load testing(!) 
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Proposed “Qualification Plus” 
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JPL Block Tests - 1981 
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IEC 62782 Dynamic mechanical load testing for photovoltaic (PV) modules 
 
Draft Procedure: 
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• Does not specify follow-on environmental exposure (e.g., temperature 
cycling and humidity freeze) 
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Cyclic loading at low temperature: CFV Test Laboratory 
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Foundations of IEC 62782 

J.H. Wohlgemuth "The effect of cell thickness on module reliability," Proc. 33rd IEEE Photovoltaic 
Specialist Conference, 2008. 
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Comparative Study: Dow Corning silicone encapsulants 
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S. Kurtz, J. Wohlgemuth, M. Kempe, N.Bosco, P. Hacke, D. Jordan, D. Miller, “Defining a Technical Basis for 
Confidence in PV Investments,” IEEE Reliability Symposium, 2013 
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Comparative Study – EVA and Silicone Encapsulation 

 EVA exhibits a glass transition at around -20 °C 

 Silicone encapsulant has no thermal transitions in the range of -50 °C to 100 °C 
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R. Mickiewicz, B. Li, D.M.J. Doble, T. Christian, J. Lloyd, A. Stokes, C. Voelker, M. Winter, B. Ketola, A. Norris, N. Shephard, 
“Effect of Encapsulation Modulus on the Response of PV Modules to Mechanical Stress,” Proc. 26th EU-PVSEC, 2011. 
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Dynamic Mechanical Load Test Setup 

 Custom built mechanical test stand for load testing in environmental chamber 

 Uniform load profile using inflatable bladder 

 Loading up to ~ 10,000 Pa 

 Capable of dynamic (cyclic) loading at up to ~ 1 Hz 

 Test module dimensions up to 550 mm x 550 mm 
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S. Kurtz, J. Wohlgemuth, M. Kempe, N.Bosco, P. Hacke, D. Jordan, D. Miller, “Defining a Technical Basis for 
Confidence in PV Investments,” IEEE Reliability Symposium, 2013 
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EVA and Silicone Encapsulation: Procedure 

 6“ multi-crystalline solar cells 

 160-μm and 200-μm thickness 

 2 x 3-cell modules 

 I-V characteristics on solar simulator 

 Electroluminescence 

Encapsulants Temperatures Loads Notes 
Silicone 
EVA 

-30 °C 
ambient 
85 °C 

Static: 
1 hr @ 2400 Pa 
1 hr @ 5400 Pa 
1 hr @ 7000 Pa 
 
Dynamic (0.5 Hz): 
10 000 cycles @ 5400 Pa 

Static loading was performed in sequence on a 
single module, with characterization after each 
load cycle. 
 
Total of 24 modules were tested (3 temperatures, 
2 encapsulant materials, 2 cell thicknesses, static 
& dynamic load). 

21 ¾“  

16“  
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Wind pressure vs. wind speed 
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3x safety factor for wind 
gusts @ 130 kph 
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Results – Electroluminescence Imaging 

 Cells in EVA-based modules were more cracked than in silicone-based modules 

EVA – Before Loading 

Silicone – Before Loading 

EVA – After Loading (5400 Pa @ ambient) 

Silicone – After Loading (5400 Pa @ ambient)  
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Results – Crack Analysis (160-µm cells) 
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Results – Crack Analysis (200-µm cells) 
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Fraunhofer PV Durability Initiative 

D. Meakin, C. Schmid, G. S. Kinsey, “Fraunhofer PV Durability Initiative for 
solar modules”, PV International, ed. 20, pp. 77-87, 2013. 
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Fraunhofer PV Durability Initiative: context 
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S. Kurtz, J. Wohlgemuth, M. Kempe, N.Bosco, P. Hacke, D. Jordan, D. Miller, “Defining a Technical Basis for 
Confidence in PV Investments,” IEEE Reliability Symposium, 2013 
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Group 3: Dynamic (cyclic) load 

1. Dynamic Load:  

 -30°C   

 2400 Pa 

 1 Hz 

 Two iterations of 500 cycles 

2. Thermal cycling (50 cycles) 

3. Humidity freeze (10 cycles) 
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Results: dynamic load               
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• Five of the “top-ten” c-Si modules from 2010 were tested 
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